Science is a career where you do what you love everyday. Our science is built on the shoulders of those who came before us, and in turn we provide shoulders for our students and colleagues to build upon. Of course, seeing the seeds of ideas that we plant bear fruit as interesting science is why I love being a scientist. Looking back it also has been a particularly gratifying challenge to mentor members of the younger generation in building their careers.
I am deeply honored to receive the Women in Cell Biology (WICB) Committee Senior Award, as a tribute to both my science and mentorship. It has been a life full of joy, led by curiosity and gratified by discovery. I have had the pleasure of interacting with cell biologists at all stages of their careers and had the opportunity to help some of them along the path to recognition and success.
BECOMING A SCIENTIST
How did I become interested in science? I cannot recall a time when I was not curious about the world around me. One of my earliest memories of science was at the age of 4 is learning Newton's laws at my father's knee, on a farm in Saskatchewan, Canada. My first science experience was coupled with mentorship, and it linked these two processes inexorably in my life.
Science fascinated me throughout high school, and when I went to the University of Toronto my interests shifted from the physical sciences to chemistry and biochemistry. I had my first taste of independent research in one summer internship at the Ontario Cancer Institute with H. E. Johns and Mark Pearson when I, as a chemist, was assigned the task of determining the structure of the thymidine dimers from DNA exposed to ionizing radiation. From there I sought to go to graduate school in a place where students had independence to follow their ideas, and Rockefeller University in New York City had exactly that philosophy. I ended up working with Zanvil Cohn, my greatest scientific mentor, who embraced that concept and supported my ventures into novel aspects of macrophage cell biology. It was an exciting place to work, with James Hirsch and his group sharing the floor and remarkable fellow graduate students Sally Zigmond and Saimon Gordon and postdoctoral fellows Ralph Steinman with whom to discuss ideas and experiments. I ended up studying the role of macrophages in metabolism and trafficking of cholesterol and cholesterol esters.
My career has gone well, but not without hiccups and challenges. I had my first obvious experiences of discrimination as a woman scientist at Rockefeller, an institution that at the time had no women professors. Some of the old-fashioned male faculty from whom I needed advice or techniques, would not speak to me about science, but only to my advisor. Moreover, that extended to other scientists outside my university in the area of lipid and lipoprotein metabolism. I give this example, not out of anger, but because this negative situation made me decide to pursue another area of cell biology as a postdoctoral fellow and that was the beginning of the scientist I was to become. The lesson of the story is that there are many reasons to make decisions and negative situations can end up with positive consequences. From New York I went to Cambridge, England, as a postdoctoral fellow at Strangeways Research Laboratory. There I was introduced to matrix metalloproteinases (MMPs), a topic that became the backbone of my independent research program, when I was recruited to the faculty of the University of California-San Francisco.
DEVELOPING SCIENTIFIC IDEAS
In my own laboratory, my approach was to use normal development and tissue repair paradigms to give insight into process in pathological processes such as tumorigenesis. From studies in the fields of both the development of the mammary gland and its neoplastic conversion during the development of breast cancer came a series of original insights that revolutionized the whole field of development and tumor biology. For several decades, the science of cancer has been centered on the role of oncogenes and suppressor genes as the key players of malignancy. However, although the extracellular matrix (ECM) was regarded as simply a structural framework within which cells lived and interacted with each other, accumulating circumstantial evidence indicated that the extracellular environment might play a significant role in morphogenesis, development, and cancer. In the evolving molecular realm of cell and tissue biology, we put forth the unorthodox hypothesis that the stromal microenvironment, in general, and ECM and its turnover, in particular, carries information, is a signaling unit, and that its remodeling by proteases could be a central switch in altering homeostasis (normalcy, malignancy, apoptosis, and growth).
Our studies showed the power of using mechanisms arising out of studies in development to make paradigm shifts in our thinking about diseases such as cancer and asthma that may lead to novel therapies. Our work lead to the concept that the extracellular microenvironment of cells during development and in tumorigenesis regulates cell behavior and that MMPs are principal effectors of the changing microenvironment. The altered stromal microenvironment could act as a provocateur of epithelial carcinogenesis. We systematically developed functional model systems in culture and in vivo, both to test this hypothesis and to decipher the mechanisms by which the proposed extracellular signaling processes could take place.
We used a variety of approaches to address the molecular basis of ECM proteolysis. Starting with findings that fibroblasts were the cellular source of collagenase (MMP-1) family and that a new MMP active in pericellular proteolysis, macrophage metalloelastase (MMP-12), was secreted by stimulated macrophages, we discovered that MMPs required activation by a proteinase cascade and, subsequently, found that this process is fundamental for regulation of proteolysis in vivo. We found a connection between the cytoskeletal organization of cells and the regulation of gene expression, both in cultured cells and in vivo and then exploited this observation to identify, isolate and characterize stromelysin-1/MMP-3. We then linked the cytoskeleton to ECM through integrins and discovered that integrins signal.
A recurring theme in the research from my laboratory has been the biology and function of inflammatory cells, particularly macrophages. We discovered that macrophages are important secretory cells and that their secretion is highly regulated by the state of activation. The two themes came together when we discovered that macrophages were important sources of MMPs. These studies culminated in the demonstration that macrophages in vivo in healing wounds express these factors and that MMP9 made by osteoclasts was a critical regulator of angiogenesis in bone formation.
From these studies, we became even more interested in organismal biology, concentrating initially on the role of MMPs in angiogenesis in development and cancer. With collaborators, we found that recruitment of inflammatory cells that make the MMPs was the key event in the angiogenic switch, which precedes progression to solid tumors. These studies provided compelling evidence that innate inflammatory cells contribute to tumorigenesis, in both premalignant lesions and tumors. This work helped develop a paradigm shift to highlight the central importance of the cellular microenvironment in general, and stromal cells in particular in developmental processes and in the progression of tumors. In tumor progression the normally quiescent tissue microvasculature was activated to produce new blood vessels in the premalignant phase before formation of solid tumors. From these studies, we are now studying metastasis, the nature of tumor initiating cells, and the cancer stem cell niche.
SCIENCE IS COLLABORATIVE AND AN INTERNATIONAL ENDEAVOR
An important aspect of the scientific discovery process in my group is characterized by wonderful collaborations that I have had from my earliest independent investigations and continue to have in the scientific community both nationally and internationally. I have had long-standing and synergistic collaborations with many laboratories around the world. These interactions gave me a perspective on the complex interplay of different cells within tissues and an understanding of biology that no one molecular and cell biologist can possess.
Cell biology is an international discipline and I have been privileged to take sabbaticals in Oxford, Paris, and Munich during my career. These adventures gave me the opportunity to see how scientists trained in different ways go about their craft, influencing my approaches, and I trust that I influenced them as well. I also have had opportunity to train students from abroad and seen them thrive in their careers when they returned to their home countries.
LEARNING ABOUT MENTORING
We all need mentors throughout our careers. These mentors may change, and we may need several mentors at once, since no one person may be able to listen or advise on all aspects of our careers and on all the unwritten rules. In various parts of my career I have had excellent mentors, or none, and so I learned that first and foremost my career was my own responsibility. You need to choose your mentors, not just wait until a mentor chooses you. To succeed you also need to learn to be your own mentor and that in turn helps you become a mentor for others.
The most important aspect of being mentored is first to evaluate your strengths and weaknesses, and to learn from your experiences. For success you must focus and develop problem-solving skills. The next step is to chart the future. Once you have identified the goal, work backward to plan how to achieve it. You need to learn what is needed for success, including publication, teaching, and performing community service.
One of the essential aspects of achieving success is networking. Throughout your career, colleagues serve as sounding boards and critics. The first step is to learn survival skills that can help you overcome some of the hurdles of your career and life.
Finally, as a mentor you must be willing to invest time in yourself and others. The reward is seeing yourself and others achieve satisfaction in their careers.
WHAT IT MEANS TO BE A WOMAN GIVING BACK
The discipline of cell biology has always attracted women. It is easy to see this if you look at the leadership and annual meeting programs for the American Society for Cell Biology (ASCB). Cell biology is the underpinning of modern biomedical science, and as such, it is the most important discipline. Yet, women have not had an even playing field, even in cell biology. That is the reason the WICB Committee of ASCB was first formed and even today plays a critical function in career development for both women and men. I had the privilege to serve on this committee and to give back to the cell biology community some of the wisdom learned from my mentors and my experience. For that reason I really cherish the WICB Senior award.
There is still a shrinking pipeline for women cell biologists, from graduate school to faculty positions to leadership positions. How can we overcome the problems that are embedded in these statistics? We need women role models for all cell biology careers, be it full-time or part-time, research, teaching, writing, administration, funding agencies, law, or commerce. We must help nurture our students and colleagues. Passing on our experiences, both good and bad, and making the process of career development transparent is invaluable for others in their decisions. Our legacies in science will be reflected more by the scientists we help to achieve successful careers than in our own observations and papers.
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